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Abstract 

Background: Knowledge of coping styles is useful In clinical diagnosis and suggesting specific therapeutic interventions. 
However, the latent structures and relationships between different aspects of coping styles have not been fully clarified. A 
full infornnation item bifactor nnodel will be beneficial to future research. 

Objective: One goal of this study is identification of the best fit statistical model of coping styles. A second goal is entails 
extended analyses of latent relationships among different coping styles. In general, such research should offer greater 
understanding of the mechanisms of coping styles and provide insights into coping with stress. 

Methods: Coping Styles Questionnaire (CSQ) and Generalized Self-Efficacy Scale (GSES) were administrated to officers 
suffering from military stress. Confirmatory Factor Analyses was performed to indentify the best fit model. A hierarchical 
item response model (bifactor model) was adopted to analyze the data. Additionally, correlations among coping styles and 
self-efficacy were compared using both original and bifactor models. 

Results: Results showed a bifactor model best fit the data. Item loadings on general and specific factors varied among 
different coping styles. All items loaded significantly on the general factor, and most items also had moderate to large 
loadings on specific factors. The correlation between coping styles and self-efficacy and the correlation among different 
coping styles changed significantly after extracting the general factor of coping stress using bifactor analysis. This was seen 
in changes from positive {r = 0.714, p<0.01) correlation to negative (r= —0.335, p<0.01) and also from negative (r= —0.296, 
p<0.01) to positive {r = 0.331, p<0.01). 

Conclusion: Our results reveal that coping styles have a bifactor structure. They also provide direct evidence of coexisting 
coping resources and styles. This further clarifies that dimensions of coping styles should include coping resources and 
specific coping styles. This finding has implications for measurement of coping mechanisms, health maintenance, and stress 
reduction. 
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introduction 

The development of positive psychology has brought a 
remarkable increase in attention to quality of life (QOL). This is 
despite the fact that individuals are exposed to various psychoso- 
cial stressors in all phases of their lives. Research has found that 
coping styles, personalities, and stress levels are significantly 
associated with QOL [1-4]. Certainly, stress is negatively 
associated with QOL, and the link between adverse or stressful 
life events and psychological and physical health has been firmly 
estabhshed since original proposals connecting the concept of 
coping with stress developed by Lazarus and colleagues in the 



early 1 980s [5-9] . Recent evidence also shows links between stress 
and substance abuse [10,11]. Substance abuse as a method of 
coping with stress has been of particular interest to researchers due 
to the unique association of stress with problematic substance use 
and with the development of related disorders [12]. In the field of 
psychosomatic medicine, studies also find that psychological stress 
can up-regulate inflammatory processes and increase disease risk 
[13]. Consequently, one conclusion is that stressful life events 
precipitate ill-health and psychological dysfunction. However, the 
degree of influence that these types of adverse events have on 
psychological and physical health, or the incidence of substance 
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abuse remains a matter of debate. Some researchers have reported 
only a small efiect of life stress on psychological and physical 
health, while others have found a significant effect [14]. 

One factor that may contribute to inconsistent results across 
studies involves the fact that people exhibit different levels of 
resilience in response to life stresses [15], such as coping styles and 
cognitive hardiness. Negative feelings that accompany stress often 
motivate the use of behavioral and cognitive strategies to cope with 
a difficult situation and to restore satisfaction to QOL [7]. 
Effective coping strategies to deal with stress can include successful 
engagement with adversity, which 'steels' individuals rather than 
sensitizing them. Studies found that differences in how individuals 
cope may have implications for health in the context of stress 
[16,17]. Kobasa [18] also found that higher levels of stress are 
associated with increased opportunities for resilience in particular 
participants. Other researchers have argued the need to differen- 
tiate between protective factors, which are likely to be a given in 
an individual's life, and protective mechanisms (such as coping 
style or explanatory style) which may be developed over the course 
of events in a person's life [9,11,19]. Findings suggest that 
protective factors for stress may include coping (e.g., seeking social 
support) [20]. Thus, coping styles have been found to protect 
against the effects of stress and to attenuate its effects on 
psychological problems. Researchers in the field of psychosomatic 
medicine have shown that coping styles for addressing stress are 
related to the way in which persons with chronic illnesses deal with 
disease, pain, and adjustment [21,22]. However, when considering 
various coping styles used across different situations, resulting 
conclusions are inconsistent. The protective effect of so-called 
adaptive coping styles, such as help seeking, may not have a 
significant effect; in fact, so-called maladaptive immature coping 
(e.g. avoiding coping) may become a protective factor in stress 
[9,23,24]. Additionally, protective mechanisms used with different 
coping styles and the latent relationships among them have not yet 
been clarified. Given the important role that coping styles play in 
Unking stress and physical and psychological health, it is important 
to investigate underlying mechanisms of coping styles to develop 
knowledge that can be used to create relevant intervention 
strategies in stress. 

A coping style reflects an individual's c:ognitive and behavioral 
efforts to change certain behaviors with the goal of dealing with 
specific internal and external environmental demands that are 
appraised as taxing or exceeding the individual's own resources 
[25]. The core aim of coping is "change" [6]. A state of well being 
can be achieved through "change" of external or internal 
conditions or by avoiding emotionally negative conditions and 
maintaining positive psychological states [26] . Although stress may 
be addressed by various methods, such as intentional, conscious, 
and goal-directed stress-management etc., these "changes" stiU 
need to be taken [6]. Hundreds of coping styles can be found in 
the literature on stress research. However, there remains no 
consensus on classification of these styles into a broader 
architecture. Common distinctions are often made between 
various contrasting coping styles, such as problem-focused and 
emotion-focused, approach and avoidant, and cognitive and 
behavioral [27]. Recentiy a number of researchers have tended 
to classify coping styles into immature and mature coping styles 
[28]. Immature coping styles include those of withdrawal, fantasy, 
self-reproach, projection, passive aggression, and acting out. 
Mature coping styles may include help-seeking, justification, 
problem solving, suppression, mature humor, and anticipation. 
VaUlant [29] expanded this classification method and proposed 
that the coping styles can be classified into four groups from least 
to most mature: narcissistic, immature, neurotic and mature. The 



main reason why researchers cannot scientifically classify coping 
styles is that it is very difficult to clarify the latent relationships 
among different coping styles given Classical Test Theory (CTT). 
In general it is hard to meet the assumptions of the test or get a 
true score when examining these latent relationships. It is also very 
difiicult to separate the common factor from various specific 
factors or to find the nature of common factor. Additionally, 
relationships among various specific factors may appear to be 
extremely random. 

Under item response theory (IRT), which can offer flexible 
model-based approaches to understanding response data [30] , full- 
information item factor analysis (FIFA) has been used much more 
frequentiy in factor analysis of psychological and clinical scales 
[31]. The FIFA procedure marks a notable advance in the 
modehng of scale data and it makes use of each respondent's 
complete item response \'ector to determine the number of 
underlying factors [32]. As educational and psychological 
constructs are typically characterized as multidimensional and 
lacking conditional independence, multidimensional models, such 
as bifactor analysis, further broaden the application of IRT in 
clinical, educational, and psychological assessments [33,34]. In a 
bifactor model, variables are permitted to load on a general, 
common factor as well as on one of several specific factors [35] , 
thus allowing a direct fit of a hierarchical model [36]. In some 
cases, a bifactor solution may result in empirical factors that are 
highly correlated, and this should clarify the relationship between 
factors. Such general and specific factor structures have been 
shown to form a credible model for various types of data imoh ing 
many psychological [37] and psychiatric symptoms. These include 
relationships between depression and anxiety [38,39], the struc- 
tural of personality [40,41], QOL [42] and cognitive impairment 
in schizophrenia [43]. In those instances, the bifactor model can 
create a good fit for such data. Such a model would therefore (a) 
provide a way to account for the general factor underlying an 
entire item pool in addition to the domain factors underlying item 
subsets [42]; and (b) account for the conditional independence of 
items between domains and the conditional dependence within 
domains [44]. This has a number of potential advantages for 
analyzing data systematically and for understanding related 
domain-specific factors independent of the general factor. First, 
the research can clarify relationships between domain-specific 
factors after extracting the general factor. For example, Xie et al. 
recentiy showed that anxiety and depression are inversely 
correlated after extracting the general factor of distress [39]. 
Second, the strength of the relationship between the domain- 
specific factors and their associated items can be directiy examined 
in the bifactor model because it is reflected in factor loadings. 
Third, the bifactor model can be particularly useful in testing the 
relationship between a subset of domain-specific factors and 
external variables, over and above the general factor, because 
domain-specific factors arc directiy represented as independent 
factors [45]. 

Thus, the aim of this study was to adopt the fuU information 
item bifactor model to assess the dimensionality of coping styles, 
and to probe the latent relationship among different coping styles 
for stress. The present study tested the hypothesis that every item 
of the Coping Styles Questionnaire (CSQ) was influenced by both 
a general factor (coping resources) and one of six specific factors 
(avoidance, fantasy, self-reproach, problem solving, help seeking, 
and justification). We used bifactor model to model the CSQ_ 
according to the hypothesized latent factor structure. In order to 
support this hypothesis, a model fit comparison was conducted 
between one dimensional, two dimensional, six dimensional, 
second-order model, and bifactor model using Confirmatory 
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Factor Analyses (CFA). If the hypothesis can be true, scores were 
computed on general and specific domain factors for each 
participant, based on IRT. Then, the scores were used to conduct 
the correlation analysis and to further explore relationship 
between other external variables (e.g., self-efficacy) and coping 
style's, or the relationship between dilferent coping styles. As a 
result of this these analyses, this study offers relevant data and 
findings that clarify the specific content of coping styles. Taken 
together, these findings have implications for investigating patterns 
of coping processes and their complexities as well as providing 
insights into coping styles that can help maintain physical and 
psychological health during periods of stress. 

Methods 

Ethics Statement 

The Ethics Committee of the Fourth Military Medical 
University specifically approved this study. AH subjects were 
informed of the research background, purposes, and significance, 
and gave their written informed consent prior to participation in 
the study. 

Participants and Procedures 

Participants in the study were miUtary officers who took part in 
a 10-month military training program (N = 826). Of this, 810 valid 
questionnaires (mean age 23.9 years, SD = 2.4) were collected. All 
graduates from military academies (officers and warrant officers) 
hav(; to comj)l(;t(' these training requirements; those that perform 
well are eligible for early promotions and awards. Training for 
promotion of military skills and enhancing cohesion is conducted 
identically for female and male officers in a stricdy closed 
environment with no access to outside communication. The main 
components of this regular military training are tasks such as 
completing obstacle courses and training on various types of 
military equipment. Daily training duration is 10 hrs, which 
includes marching a total of 24 km daily. 

As in our previous study [46], the analysis of medical records 
indicated that approximately half the participants developed some 
training-related injuries (such as joint injuries, repetitive strain 
injuries, and ophthalmic infections) or serious somatic symptoms 
(such as stomachaches, paramenia [15.63% of females], or tarry 
stool [7.92% of males]) during this training. These injuries reflect 
the intensity and stress of the training. The total training lasted for 
10 months; however, we conducted the assessments after three 
months of training, before any of the participants were eliminated 
from the program. 

Measures 

Coping Style Questionnaire (CSQ) [24,46]. The CSQ^was 
administered to measure coping styles of military officer under 
stress. The CSQ_ is based on Folkman and Bond's coping and 
defense questionnaire. It is a 62-item self-report test revised by 
Xiao Jihua and Xu Xiufeng that specffically examines Chinese 
language characteristics and Chinese behavioral habits (of 
individuals and groups) related to coping. Items are rated as 1 
(agree) or 0 (disagree). The questionnaire comprises six subscales 
including both immature and mature coping styles. Immature 
coping styles include "avoidance", "fantasy", "self-reproach"; 
mature coping styles include "problem solving" "help seeking" 
and "justification". In the present study, the Cronbach alpha 
coefficient for the CSQ, was 0.847. 

GeneraUzed Self-Efficacy Scale (GSES) [47]. OSES was 
developed by Zhang and Schwarzer (1995). This is a self-report 
questionnaire. The Chinese version of GSES is designed to 



measure self-confidence in dealing with various situations that 
involve stress, pressure, challenges, and novel experiences. Items 
were rated in 4-point Likert-type scale from 1 (not true at all) to 4 

(very true). The scale has shown good validity and reliability in 
Chinese culture. In this study, the Cronbach alpha coefficient for 
tiie GSES was 0.810. 

Data Analysis 

First, in order to identify the coping style model that best fits the 
data, a series of CFA were performed using WLSMV (Weighted 
Least Squares with Adjusted Mean and Variance). Four possible 
models of CSQ_were: 1. A unidimensional, nonhierarchical two- 
factor model with correlated immature coping styles and mature 
coping styles; 2. A nonhierarchical six-factor model as the original 
factor structure; 3. A second-order model; 4. Hierarchical bifactor 
models (Figure 1). Respectively, these are one, two, and six 
dimensional models that are proposed on the basis of previous 
research [28]. Because high correlations obtain among coping 
styles factors, the bifactor and second-order models were also 
tested. As mentioned previously, the bifactor model is a 
hierarchical model in which every item has two factor loadings, 
one for a general factor, and another for one of the specffic factors. 
In the present study, it was a hierarchical model that could be seen 
as a combination of the one-dimensional and six-dimensional 
models, and it included six domain-specific factors and one general 
factor. 

Second, with the aim of exploring the reliability of CSQ, in 
bifactor model, a fuU information item factor analysis was 
conducted to estimate the parameter of items such as factor 
loading, thresholds, and location. And the parameters of item were 
also used to compute the test information of CSQ. The factor 
scores of each participant were also computed under IRT. The fuU 
information item bifactor analysis can separate general and 
domain-specffic factors, which are Eilso used to estimate how 
much common variance is attributable to a single general factor. 
Therefore this type of index is able to account for common 
variance [48,49]. Subsequentiy, in the hierarchical model, 
domain-specffic factor loadings can be used to estimate the 
amount of item variance attributed to the domain factor because 
the general factor has been removed [3 1] . In turn, this provides an 
opportunity to further analyze the valitity of CSQ in the bifactor 
model. 

Third, with the gOEil of clarifying the latent structure of coping 
styles including relationships between different coping styles, 
correlations were calculated among each of the six sub-scale 
scores obtained via the original six-dimensional model. In 
addition, the correlations of specific factor scores obtained via a 
bifactor analysis were also computed. 

Fourth, to provide further evidence of the validity of the scale 
under the hierarchical bifactor analysis, the correlations between 
general factor and self-efficacy, as well as the correlations between 
self-efficacy and domain-specific (or different coping styles) before 
and after extracting the general factor respectively were calculated 
and compared. From these bifactor analyses, we could gain a more 
comprehensive overview of the reliability of the scale and 
correlations between general and specific factor scores. Addition- 
ally, correlations between specific factors and other psychological 
variables (self-efficacy) determined scale validity under the 
hierarchical bifactor analysis. 

The following indices were used to evaluate the goodness of fit 
of the model: the Comparative Fit Index (CFI), the Root Mean 
Square Error of Approximation (RMSEA), and the Standardized 
Root Mean Square Residual (SRMR). In the current study, a 
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Figure 1. Path diagrams of 5 alternative latent variable models. Note: Model a, unidimensional model with one general factor; Model b, 2- 
mensional model with correlated concept factors; Model c, 6-mensional model with correlated concept factors; Model d, second-order model; Model 
e, bifactor model with general factor of coping resource and domain factors. 
doi:1 0.1 371 /journal.pone.0096451 .gOOl 



model was considered to have a good fit if TLI and CFI were 0.95 
or more, and SRMR and RMSEA were below 0.08. 

Descriptive and correlation analyses were conducted by SPSS 
for Windows 16.0. Model fit comparison was conducted based on 
CFA completed using Mplus 7.0 [50]. Full information item 
bifactor analysis was conducted using POLYBIF program [36]. 
POLYBIF is a convenient, user-friencUy operation for bifactor 
analysis as multidimensional IRT models. Studies have shown that 
this program delivers reliable results in full information item factor 
analysis [51]. 

Results 

Overview of Model Results 

A series of CFA was conducted to explore the best-fit model for 
CSQ. Schematics of estimated models appear in Figure 1. Fit 
indices of unidimensional, two-dimensional, six-dimensional, 
second-order, and bifactor models are shown in Table 1 . Although 
the RSMEA and SRMR statistics indicated acceptable fits for all 
the tested models, for all indices the bifactor model demonstrated 
the best model fit. Additionally, the chi-squares of bifactor model 
decreased significantly when compared the other four models, 
which provides strong evidence of the superiority of bifactor 
model. Therefore, we further analyzed the reliability and validity 
for the bifactor model. 

Full Information Item Bifactor Analysis of CSQ 

Following an empirical comparison of the factor models, the 
PLOYBIF program was adopted to compute IRT parameters and 
factor scores for the model with the best model fit indices. As 
shown in Table 2, the fuU information item bifactor analysis 
demonstrated that all items loaded significantly on the general 
factor. This provides further evidence that the extensive variance 
in the diverse coping styles can be accounted for by a single 
general factor. Apart from general factor loading, most items also 



had moderate to large loadings on specific factors, which cannot 
be accounted for by a general factor. In this way, specific factors 
were separated from the general factor, and the data suggest that 
the specific factor, involving different coping styles, is not 
completely conveyed by the general factor [37]. It is worth noting 
that some items had negatively signed loadings on specific factors, 
and the most prominent items were originally grouped into the 
"justification" subscale in which 10 of 11 items loaded negatively 
on the specific factor. This may indicate that those items were 
negatively correlated with the original specific factor. 

General Factor IRT parameters were used to plot test 
information curves for the CSQ,. This can be used as a measure 
of reliability or it may reflect errors; the more accurate the 
measurement, the greater the information gained. The CSQ_ test 
information can be seen in Figure 2; this information showed that 
CSQ, could accurately measure a general factor between (—5.0, 
1 .84), but was less accurate for factors larger than 2, which is to 
say, the interval of accuracy in this scale could be slight to 
moderate. 

The Relationship Among Coping Styles 

For the purpose of clarifying latent relationships among 
different coping styles or identifying the latent construct of coping 
styles. We computed correlations of different coping style scores 
via the original six-dimensional model under CTT as well as 
correlations of specific factors in fuU information item bifactor 
model. In full information item factor analysis, the scores for the 
specific factor were separate from the general factor, and the latent 
correlation relationship among different coping styles can be 
clarified because the common factor among different coping styles 
is excluded. As illustrated in Table 3, which shows comparisons of 
correlations for the different statistical theories, changes of 
correlations fall into three categories. 

First, in one category some correlation coefficients changed 
either from positive into negative, or vice versa. Examples of this 
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Table 1. Fit of CSQ CFA Models. 





Model 


df 




CFI 


RSMEA 


SRMR 


Ax" 


Unidimensional 


1824 


8231.64 


0.87 


0.066 


0.069 


5715.10 


2-dimensional 


1823 


7825.59 


0.89 


0.067 


0.067 


5309.05 


6-dimensional 


1809 


4701.91 


0.91 


0.045 


0.054 


2185.37 


Second order 


1794 


4301.71 


0.92 


0.042 


0.046 


1785.17 


bifactor 


1740 


2516.54 


0.94 


0.031 


0.036 





Note: CSQ = Coping Styles Questionnaire; CFA = confirmatory factor analysis; df = degrees of freedom; chi-square fit statistic; CFI = comparative fit index; 
RMSEA = root mean square error of approximation. A^^ represent model fit comparison between unidimensional, two-dimensional, six-dimensional, and bifactor 
models. 

doi:l 0.1 371 /journal.pone.0096451 .tool 



are correlations between problem solving, fantasy, and avoidance 
which showed a significant change from negative to positive when 
considering exclude the effect of general factors. The correlations 
between self-reproach and fantasy, between justification and help 
seeking, and between fantasy and avoidance showed a significant 
change from positive to negative. These correlations have 
undergone a qualitative change. A second category includes 
significant correlations that disappear after extracting the general 
factor. For example, significant correlations between problem 
solving and self-reproach, correlations between self-reproach, 
avoidance, and justification disappeared after extracting the 
general factor in full information item factory analysis. Also in 
this category are correlations that are not significant under CTT 
but become significant in IRT; an example of this is relationship 
between self-reproach and help-seeking. The third category 
contained correlations between coping styles that increased rather 
than decreased to some extent after the common factor was 
extracted. An example of this involves the relationship between 
coping styles of problem solving and help seeking, which strength 
when considering the impact of general factors. 

In order to explore the relationship between general factors and 
other psychodynamic variables, a correlation analysis between 
general factor and self-efScacy was conducted. As shown in 
Table 4, the general factor was positively correlated with self- 
efficacy. The correlation between the general factor and specific 
factors of coping styles disappeared, which provides further 
evidence of the need to extract the common factor. Additionally 
the relationship between coping styles and self-efficacy changed; 
the original six-dimensional model analysis under CTT showed 
low to moderate significant correlations between coping styles and 
self-efficacy, however, the specific factor of coping styles correla- 
tion coefficient was not statistically significant under IRT except 
for problem solving. Specifically, the coefficient of self-efficacy and 
problem solving showing a positive correlation (r = 0.365, p<0.01) 
changed to a negative one (r= —0.260, p<0.01). 

Discussion 

The present study adopted the fuU information item bifactor 
analysis to investigate the latent relationship among different 
coping styles in the military officers who are under stress during 
military training. CFA results identified a hierarchical, bifactor 
model, as the best-fitting model. FuU information item bifactor 
analysis results confirmed the existence of a general factor in 
different coping styles, with evidence of items loading significandy 
on the general factor. This hierarchical model based on IRT 
bifactor analysis provides an opportunity to further study the role 
of a general factor and latent relationship among different kinds of 
coping styles as well as latent relationships with other variables. 



such as self-efficacy. Correlation results showed that the general 
factor was positively correlated with coping resources such as self- 
efficacy. In this case, not only the correlation among different 
coping styles, but also the relationship between coping styles and 
self-efficacy, changed significantly after the general factor was 
excluded from overall variance. We can infer that the general 
factor was the main source of positive correlation between self- 
efficacy and coping styles, and that the latent correlation among 
different coping styles was concealed by the general factor. 

The Measurement of Coping Styles may be Bi- 
dimensional 

The results of this study suggest that the measurement of coping 
styles is bi-dimensional, with one dimension measuring coping 
resources for stress and the other addressing specific coping styles. 
This analysis enables a clearer assessment of strategies people use 
in attempting to cope with stress. The general coping resource 
factor, underlying different coping styles, provides a reliable target 
for analyzing coping style management. The specific factors for 
coping styles may help to refine valid coping style dimensions, and 
assist in gaining greater understanding of defense mechanisms and 
health strategies related to stress. Furthermore, general and 
specific factors can be investigated independently in this frame- 
work. This can improve our measurement of coping styles and it 
may lead to more accurate results and offer a greater capacity for 
distinguishing among groups according to their different coping 
styles, a capacity we do not currently have. This bi-dimensional 
measurement should lead to greater conceptual clarity, and 
bifactor models can separate commonality shared by the facets 
of different styles from the unique contribution of each facet. This 
study also provides solid evidence for the advantages of IRT 
analysis in psychological assessment. In fact, the CSQ, question- 
naire measured coping resources and specific coping styles at the 
same time. While we adopted CSQ to measure coping styles for 
stress, two sets of scores should be reported. The first are the 
overall scores of coping resources, and the second are domain 
scores of specific scores. 

The Role of the General Factor of Coping Resources in 
Coping with Stress 

Despite the theoretical relationship between coping resources 
and styles, there is a paucity of empirical data measuring the 
relationships between them. Perceptions of social and personal 
resources are integral parts of stress management. A secondary 
appraisal process of coping resources should be combined with a 
primary appraisal to determine the coping styles that individuals 
choose in stressful situations [8] . HobfoU also points out that these 
styles and resources do not work in tandem [52], but rather they 
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T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 r 
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Theta 



Figure 2. Test information of CSQ. Note: The test information curve of the CSQ based on the bifactor analysis for the general coping styles factor. 
X-axis represents theta of the general factor (theta), which had been standardized (0 being average, 1 being a standard deviation). The Y-axis 
represents the test information value. Test information is a type of reliability criterion in IRT models, the larger the test information value, the less the 
measurement error and the better the reliability. The test information curve was obtained by connecting all information in every theta point. 
doi:10.1 371/journal.pone.0096451 .g002 



are linked to each other because selection of coping styles cannot 
be separated from the perception of coping resources. Therefore, 
the measurement of coping styles may include both the perception 
of coping resources and coping styles, however, it is difficult to 
separate them completely in CTT because of the limitations of this 
type of test. In this study, both CFA and full information item 
bifactor analysis supported the coexistence of a general factor of 
coping resources and specific factor structures of coping styles. 



Other evidence from comparisons of correlation coefficients 
obtained from IRT and CTT indicated that a traditional analysis 
showed that the positive correlation between self-efficacy and 
coping styles, while statistically significant, disappeared under 
hierarchical model. This may indicate that the general factor of 
coping resources is primarily responsible for link between self- 
efficacy and the specific factor of coping styles under the 
hierarchical model. Traditional first-order or second order 



Table 3. The correlation among different coping styles in CTT and bifactor analysis. 







1 problem solving 

(1 SF problem solving) 


2 self-reproach 

(2 SF self-reproach) 


3 help seeking 

(3 SF help seeking) 


4 fantasy 

(4 SF fantasy) 


5 avoidance 

(5 SF avoidance) 


6 justification 

(6 SF justification) 


1 1.00 


2 


-.327** 


1.00 










(-.076) 


3 


.242** 


-.050 


1.00 










(.445**) 


(-.114**) 










4 


-.275** 


.620** 


.168** 


1.00 








(.315**) 


(-.134**) 


(.219**) 








5 


-.296** 


.630** 


.147** 


.705** 


1.00 






(.331**) 


(-.027) 


(.191**) 


(.176**) 






6 


-.220** 


.651** 


.164** 


.696** 


.714** 


1.00 




(-.417**) 


(-.004) 


(-.285**) 


(-.165**) 


(-.355**) 





Note: the correlation coefficient in bracket was the correlation for different specific coping styles. SF problem solving = specific factor for problem solving, and the rest 

by the this analogy; 

*p<0.05; 

**p<0.01. 

doi:l 0.1 371/journal.pone.0096451 .t003 
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statistical models cannot reflect these features since they cannot 
separate the general factor from specific factors [42]. This is the 
first study to provide direct evidence of the coexistence of coping 
resources and styles. 

It is notable that some items yielded relatively high general 
components while others showed low components, suggesting that 
different kinds of coping styles may include perception of different 
coping resources. One example of this type of item is found on die 
subscale of problem solving, "able to cope with difficulties in a 
sensible manner." This item had a loading of 0.802, which may 
indicate that respondents who picked this item felt they needed 
more psychological resources for coping with stress. This coincided 
with evidence that strengthening of specific coping resources may 
change and improve the coping styles. Studies on clinical patients 
found that people who had strong social and family support, high 
self-efficacy, good problem-solving skills, and positive reappraisal 
resources are more likely to utilize adaptive pain coping styles 
[53,54]. An occupational study also verified employees who were 
highly resourceful made greater use of task-oriented coping 
strategies [55]. Other studies of normal participants also confirmed 
relationships between high social support resourcefulness and 
mature coping styles [56]. 

The general factor plays an important role in reflecting coping 
resources. This has several implications for helping people learn 
how to maintain mental and physical health under stressful 
conditions. Consistent with viewpoints in positive psychology, 
results for coping resources demonstrated the need of offering 
more psychological support and encouragement for people in 
stressful situations. Specifically, different specific coping resources 
may provide greater choices and improve the specific coping 
styles. On the other hand, as different coping styles may mean 
responding to different coping resources, the need for people to be 
flexible in choosing coping styles is also very important, especially 
when an individual may not have adequate psychological 
resources to cope with stress. This type of strategy may help to 
avoid depression and anxiety. The key to relieving stress is to 
adopt different coping styles according different coping resources. 
We also support the development of intervention models which 
target shared aspects of different coping styles and also tailor 
treatments to different coping resources for stress. These 
suggestions are based on results gained here by the bifactor model. 

The Latent Relationship Among Different Coping Styles 

Comparisons of correlations among coping styles taken before 
extracting the general factor with those computed after extracting 
this general factor revealed significant differences. This outcome is 
largely because due to the fact that different coping styles share 
substantial variances that are accounted for only by the single 
general factor of coping styles. Traditional psychometric theory 
can reflect observed variables features but is not able to account 
for the latent variable mechanisms here [32]. For example, the 
correlations between problem solving, fantasy, and avoidance may 
be negative in CTT, and this would seem reasonable on the basis 
of psychodynamic theory. Problem solving motivates action, and 
may sometimes initiative to deal with stress situation effectively. 
Fantasy and avoidance, on the other hand, feature behavioral 
inhibition, and tend to undermine action, seems to have no benefit 
in stressful conditions. However, this correlation between them 
was positive under fuU information bifactor analysis, although 
problem solving and avoidance or fantasy may indicate that 
people have different resources, but uses the same coping strategy 
when they face of stressful situations [54] . That is people who have 
problem solving strategies adopt more coping resources, but all the 
these strategies were aimed at reducing the psychological burden 
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of stress. Additionally, the general factor of coping styles may 
obscure the latent relationships between different coping styles. 
Problem solving, avoidance, and fantasy may belong to the same 
clusters of defense mechanisms since they showed positive 
correlations with each other. Studies have shown that the same 
clusters of defense mechanisms appear to be correlated with 
independent and objective measures of mental health [57]; this 
may have implications for enriching and developing theories of 
psychological treatment, as well as improving and supplementing 
the content of health behaviors in different stressful situations. 
Immature coping styles such as fantasy or avoidance may be 
effective ways to cope in order to maintain mental health when 
people with poor coping resources find themselves in high-pressure 
situations. Another extreme example differs from results from 
CTT; this involves a relationship between help seeking and 
justification which shows significant negative correlation rather 
than significant positive correlation. This may indicate different 
clusters of defense mechanisms; therefore it is possibly an 
oversimplification to attribute these clusters to the mature coping 
styles because the defense mechanisms underlining help seeking 
and justification may be inconsistent. Those results also have 
implications for maintaining health under stress. There is no need 
to stick to one or another category' of coping style because so-called 
mature or immature coping styles may have the same coping 
mechanism for dealing with stress. Some kinds of coping styles (e.g. 
problem solving and avoidance) may have similar impUcations for 
health under stressful conditions. 



Our study has limitations. Firsdy, it is a cross-sectional study. 
Although we provide direct evidence of the general factor of 
coping resources and have discovered the latent relationship 

among different kinds of coping styles, it is difficult to establish 
causal relationships between coping styles and health in stress. An 
in-depth study should be conducted to study the latent mecha- 
nisms of different coping styles and the relationships between 
specific coping styles on mental health. Future longitudinal or 
experimental studies will facilitate requisite causal evaluations on 
these relationships. Second, this research provides an example of 
how the advanced techniques of IRT can be applied to explore the 
latent relationship among complex psychological mechanisms and 
reveal a more detailed internal relationship among the variables. 
However, the central interest in the bifactor model involves the 
effect of the general factor; domain-specific factors are secondary 
[42]. Therefore, the analysis of the relationship between the 
specific factor and external criteria may not be adequate. Finally, 
the stress condition here is quite distinct, as it is confined to a 
military situation, and its generality under different kinds of stress 
should be studied in the future. 

Author Contributions 

Conceived and designed llie experiments; JZ HL XZ WOC DM. Performed 
the experiments: JZ HL Q\V XF. Analyzed tlie data: JZ XZ YZ WX DM 
WW. Contributed reagents/materials/analysis tools: QW XZ YZ XF WW 
MC. Wrote the paper: JZ QW XZ WX DM. 



References 

1. Costa PT, McCrae RR (1980) Influence of extraversion and neuroticism on 
subjective well-being: Happy and unhappy people. Journal of personality and 
social psycholo,^' 38: 668-678. 

2. Hamarat DT, Zabrucky KM, Steele D, Matheny KB, Aysan ¥ (2001) Perceived 
stress and coping resource availability as predictors of life satisfaction in young, 
middle-aged, and older adults. Experimental Aging Research 27: 181—196. 

3. Car\'er CS, Connor-Smith J (2010) PersonEility and coping. Annual review of 
psychology 61: 679-704. 

4. Huijts I, Kleijn WC, van Emmerik AA, Noordhof A, Smith AJ (2012) Dealing 
with man-made trauma: The relationship between coping style, posttraumatic 
stress, and quality of life in resetded, traumatized refugees in the Netherlands. 
Journal of traumatic stress 25: 71—78. 

5. Lazarus RS (1966) Psychological stress and the coping process. New York, NY, 
US: McGraw-HiU. 

6. Folkman S, Lazarus RS (1985) If it changes it must be a process: study of 
emotion and coping during three stages of a college examination. Journal of 
personality and social psychology 48: 150—170. 

7. 2- Folkman S, Lazarus RS (1986) Stress processes and depressive symptomatol- 
ogy. Journal of abnormal psychologN' 95: 107—113. 

8. Folkman S, Lazarus RS, (Jrucn RJ, DeLongis A (1986) Appraisal, coping, health 
status, and psychological symptoms. Journal of personality and social psychology 
50: 571-579. 

9. Park CL, Adler NE (2003) Coping Style as a Predictor of Health and WeU-Being 
Across the First Year of Medical School. Health psychology 22: 627-631. 

10. Bray RM, Fairbank JA, Marsden ME (1999) Stress and substance use among 
military women and men. The American journal of drug and alcohol abuse 25: 
239-256. 

11. Dermody SS, CheongJ, Manuck S (2013) An Evaluation of the Stress-Negative 
Affect Model in Explaining Alcohol Use: The Role of Components of Negative 
Affect and Coping Style. Substance use & misuse 48: 297—308. 

12. Krenek M, Maisto SA (2013) Life events and treatment outcomes among 
individuals with substance use disorders: A narraUve review. Clinical psychology 
review 33: 470-483. 

13. Low CA, Matdiews KA, Hall M (2013) Elevated C-Reactive Protein in 
Adolescents: Roles of Stress and Coping. Psychosomatic medicine 75: 449—452. 

14. Thoits PA (2013) Self, identity, stress, and mental health. Handbook of the 
sociology of mental hcEilth; Springer Netherlands, pp. 357-377. 

15. Beasley M, Thompson T, Davidson J (2003) Resilience in response to life stress: 
the effects of coping style and cognitive hardiness. Personality and Individual 
Differences 34: 77-95. 

16. FIcddcrus AI, Bohlmeijcr ET, Pietcrse ME (2010) Does experiential avoidance 
mediate the eff ects of maladaptive coping styles on psychopathology and mental 
health? Behavior modification 34: 503-519. 



17. Zhang Y, Kong F, Wang L, Chen H, Gao X, et al. (2010) Mental healdi and 

coping styles of children and adolescent survivors one year after the 2008 
Chinese earthquake. Children and Youth Services Review 32: 1403—1409. 

18. Kobasa SC (1979) Stressful life events, personality, and health: an inquiry into 
hardiness. Journal of personality and social psychology' 37: 1—1 1. 

19. Nowack KM (1991) Psychosocial predictors of health status. Work & Stress 5: 
117-131. 

20. Sellers RM, CaldweU CH, Schmeelk-Cone KH, Zimmerman MA (2003) Racial 
identity, racial discrimination, perceived stress, and psychological distress among 
African American young adults. Journal of Health and Social Behavior: 302- 
317. 

21. Meijer SA, Sinnema G, BijstraJO, Mellenbergh GJ, Wolters WH (2002) Coping 
styles and locus of control as predictors for psychological adjustment of 
adolescents with a chronic illness. Social Science & Medicine 54: 1453-1461. 

22. Morasco BJ, Lovejoy TI, Lu M, Turk DC, Lewis L, et al. (2013) The 
relationship between PTSD and chronic pain: Mediating role of coping 
strategies and depression. Pain 154: 609—616. 

23. Sciffgc-Krenkc 1 (2000) Causal links between stressful events, coping style, and 
adolescent symptomatology. Journal of adolescence 23: 675-691. 

24. Xu Z-Y, Zu S, Xiang Y-T, Wang N, Guo Z-H, ct al. (2013) Associations of self- 
esteem, dysfunctional beliefs and coping style with depression in patients with 
schizophrenia: A preliminary survey. Psychiatry Research 209: 340—345. 

25. Ray C, Lindop J, Gibson S (1982) The concept of coping. Psychological 
Medicine 12: 385-395. 

26. Folkman S, Moskowitz JT (2004) Coping: Pitfalls and promise. Annu Rev 
Psychol 55: 745-774. 

27. Lazarus RS (1993) Coping thtxiry and research: Past, present, and fliture. Fifty 
Years of the Research and Theory of RS Lazarus: An Analysis of Historical and 
Perennial Issues: 366-388. 

28. Gallagher DJ (1996) Personality, coping, and objective outcomes: Extraversion, 
neuroticism, coping styles, and academic performance. Personality and 
Individual Differences 21: 421-429. 

29. VaiUant GE (1994) Ego mechanisms of defense and personality psychopathol- 
ogy. Journal of abnormal psychology 103: 44—50. 

30. Reise SP, Waller NG (2009) Item response theory and clinical measurement. 
Annual review of clinical psychology 5: 27-48. 

31. Gibbons RD, Hedeker DR (1992) Full-information item bi-factor analysis. 
Psychometrika 57: 423^36. 

32. Cai L, YangJS, Hansen M (2011) Generalized full-information item bifactor 
analysis. Psychological Methods 16: 221-248. 

33. Yao L, Boughton Kj\ (2007) A multidimensional item response modeling 
approach for impro\'ing subscalc proficiency estimation and classification. 
Applied Psychological Measurement 31: 83—105. 



PLOS ONE I www.plosone.org 



10 



May 2014 I Volume 9 | Issue 5 | e96451 



Full Information Item Bifactor Analysis of Coping Styles Questionnaire 



34. Walters CA, Kccfhr KV, Kloostcrman PH, Summcrfcldt LJ, Parker JDA (2013) 
Examining the structure of" the Internet Addiction Test in adolescents: A bifactor 
approach. Computers in Human Behavior 29: 2294—2302. 

35. Holzingcr ty, Swinelord 1'' (1937) The bi-factor method. Psychometrika 2: 41— 
54. 

36. Gibbons RD, Bock RD, Hedeker D, Weiss DJ, Segawa E, et al. (2007) FuU- 
Information Item Bifactor Analysis of Graded Response Data. Applied 
P.syc ho logical Mcasuremenr 31: 4-19. 

37. Reise SP, MorizotJ, Hays RD (2007) The role of the bifactor model in resolving 
dimensionality issues in health outcomes measures. Quality of Life Rese£U"ch 16: 
19-31. 

38. Simms LJ, Prisciandaro JJ, Krueger RF, Goldberg DP (2011) The structure of 
depression, anxiety and somatic symptoms in primar\' care. Psychological 
Medicine 42: 15-28. 

39. Xie J, Bi Shang W, Yan M, Yang Y, et al. (2012) Positive and Negative 
Relationship between Anxiety and Depression of Patients in Pain: A Bifactor 
Model Analysis. PLoS ONE 7: e47577. 

40. Rushton JP, Bons TA, Hur Y-M (2008) The genetics and evolution of the 
general factor of personality. Journal of Research in Personality 42: 1 173-1 185. 

41. MusekJ (2007) A general factor of personality: Evidence for the Big One in the 
five-factor model. Journal of Research in Personality 41: 1213—1233. 

42. Chen FF, West SG, Sousa KH (2006) A comparison of bifactor and second- 
order models of quality of life. Multivariate Behavioral Research 41: 189—225. 

43. Leue A, Beauducel A (201 1) The PANAS structure revisited: On the validity of a 
bifactor model in community and forensic samples. Psychological Assessment 23: 
215-225. 

44. Reise SP (2012) The Rediscovery of Bifactor Measurement Models. Multivariate 
Behavioral Research 47: 667-696. 

45. Thomas ML (2012) Rewards of bridging the divide between measurement and 
clinical theory: Demonstration of a bifactor model for the Brief Symptom 
Inventory. Psychological Assessment 24: 101—113. 



46. Jiang Y, Sun YE, Yang YB, TangJJ, Wu SJ, et al. (2013) Cicnder differences in 
coping styles of Chinese military officers undergoing intensive training. Military 
Psychology 25: 124-137. 

47. Zhang JX, Schwarzer R (1995) Measuring optimistic self-beliefs: A Chinese 
adaptation of the General Self-Efficacy Scale. Psychologia: An International 
Journal of Psychology in the Orient 38: 174-181. 

48. Bentler PM (2009) Alpha, dimension-free, and model-based internal consistency 
reliability. Psychometrika 74: 137-143. 

49. Ten Bergc JM, Socan G (2004) The greatest lower bound to the reliability of a 
test and the hypothesis of unidimensionality. Psychometrika 69: 613—625. 

50. Muthen BO (1993) (Goodness of lit with categorical and other nonnormal 
variables. SAGE Focus Editions 154: 205-205. 

51. Gibbons RD, Rush Aj, ImmekusJC (2009) On the psychometric validity of the 
domains of the PDSC); An illustration of the lii-factor item response theory 
model. Journal of Psychiatric Research 43: 401-410. 

52. HobfoU SE (2002) Social and psychological resources £md adaptation. Review of 
general psychology 6: 307-324. 

53. Sinclair VG, Wallston KA (2004) The development and psychometric 
evaluation of the Brief Resilient Coping Scale. Assessment 11: 94-101. 

54. Taylor SE, Stanton AL (2007) Coping resources, coping processes, and mental 
health. Annu Rev Clin Psychol 3: 377-401. 

55. Heaney CA, House JS, Israel BA, Mero RP (1995) The relationship of 
organizational and social coping resources to employee coping behaviour: a 
longitudinal analysis. Work & Stress 9: 416-431. 

56. LewinJE, Sager JK (2008) Salesperson burnout: A test of the coping-mediational 
model of social support. Journal of personal selling and sales management 28: 
233-246. 

57. Shaw RJ, Ryst E, Steiner H (1996) Temperament as a correlate of adolescent 
defences mechanisms. Child psychiatry and human development 27: 105—114. 



PLOS ONE I www.plosone.org 



11 



May 2014 I Volume 9 | Issue 5 | e96451 



